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spectrameter b«s ft closed iOQ orbit formed by plural electric 
seciois. looa can make plural rcvohitioDS tn the dosed Ofbit. 
An entrance path v& fonncd in the closed oibit to Introduce 
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closed orbit lo take ions from ibe closed orbit. The cntnnce 
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electric sectors fbrming the closed orbit or can be posldoncd 
in tbe orbit between the eleotrio sectors Conning the olosed 
oxbit. 
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TIME-OF-FLIGHT MASS SPECTROMETER tromctcr has a closed ioo orbU formed by circular paths Aj 

and A3 aad Straight paths and A^. The circular paths A^ 

FIELD OF njEINVEKnON and A^ arc within two electric sectors E, and E^, 

The pjzFcui invention irlatcs to a timc-of-flight (TOf) nsspoctivcly, whkh make deflection angles of greater than 

ixitts* apcclrDTDBtcr having a closed oifeil formed by plural. ^ straight paths A^ and \ cxg» each other and 

connect the two eii«ular paths Ai and Ag. Ions are emitted 

BACKGROUND OF THE INVENTION as pulses ftom an ion source 5 and travel lov/md an ion 

nrx. ' 1 . J 1. 1 ^ • r 1 1 • i. • detectOF 6, A gate 7 is mounted to pass otnly ions bavxog a 

When loas are accelerated by ao electnc Geld, ions havmc ,.?.»i»„*tj„ 

i. ^.^ f . J LM ' given range of velocities, 

smaller masses are more easily accelerated, while 10ns , T , . _ . 1.. . .l . 
havii,esr«i.l«rma:is«s an: lc»c«ily accelerated. A time- " . IOI»C0ai«MtOflh*8ate7aMVJ[S^^ 

of-fli^t (TOF) mass speciromeier k an instruii«,i tor »m«8K«mMtOTthac«tfi^^^ 

per&Tming m4 mlysis by measuring tHe differeaces io J!^S h ^ 

nighi iin,c (i^, ihc ttac titon for loSs 10 iMch the loa ete««>d« B provided wiih . hole oe« the «xit f the 

deteclot) by making use of the principle dESCnbed above. electric field to prevent iropcdmwat to tte 

, ' ' " 5 • ^ >• " trmiiae iQ the path L,. Therefore, tbe ions going out ot the 

In n TOP mass sp«;tfometef. as (be loa flight dislacce pass betwSio these electrodes itoungh the bole 

locicascs. ion mass di&rences tend to produce greater flight „ and travel in the straight path A,, 

time diHerences. Therefore, one method of improving the ""a • » i . l i ¥i • r j ^ r 

resolution of the instrument is to increase the flight disuncc. ,^ -on take-out hole H is fonncd near the co^aocc of 

^ , . ^ ^ the cleclnc sector Bn dcvciopea by a pair of electrodes to 

Odc known method for achievxns both increase of flight 20 ,xiraa ions from the dused orbit. This ion lakenul hole H^, 

distance aod triniaturizauoD of the mstrumcnt is to ca JSC the located thai ions traveling in the straixhl path A^ would 

directioD of Oighi of ion$ to make a U-tum, using electric ^n\da the elecuodc forming the electric seaof E, if 

ticlds, for example. ihey moved further straight. The ions going ovt of the 

SUMMARY OF THE INVENTION elcciit)des through the ion lakegui hole H^, pass through the 

^ path L2 into the ion detector 6, where tbcy are detected. 

In view of the foregoing, it is an object of the present The operation of the instrument constructed in this way is 

inventioo to provide a timt-of-flighl (TOF) mass speclrom- ^ext described by referring to FIGS, 1(a), l(fc) and 1(c). 

eter having a closed orbit formed by plural. The flight puiscd ions enter the closed orbit and travel in ihia druular 

distance is incrcflsed by knockiog ions into and out of the orbit. Then, the ions ate taken from the dosed orbit and 

closed orbit. At the same time^ the instrument is made reach the detector 6. nG.l(fl) is a diagram illustrating these 

smaller. P^jj^g ^jj^j i^j^ follow successively, FIG. 1(b) illustrates 

This object is achieved by a TOF mass fipectromeier ihc liming at wbidb the electric sector Ej is turned 00 when 

comprising a closed orbit formed by plural^ an entrance path the iocs are admitted to the closed orbit. FIO. 1(c) illustrates 

for ktiocking ions into the closed orbit and an exit path for the timing at which the electric sector E^ is turned on when 

taking the ioo& £rom the closed orbit. the loos are extracted Jiom the closed oHiit. 

tn ODC feature of the invention, electrodes producing the In FIG. 1(a), an assemblage of pulsed ions generated from 

forming the dosed orbit are provided with boles Id permit the ion source 5 aod passed through the gate 7 follows the 

the ions to enter aod leave the clo^d orbit. path and enters the straight path Aa> When these ions are 

Id another feature of the invention, auxiliary electric fields 40 Passing betweeti the eleetnidi» producing the electric sector 

forming the colrancc path and the exit path for the closed ^i* electric field is lumed off (zero potential), as shown 

orbU are formed in a fa:e flight space within the dosed oihit ^ RG- U^)* ^ prevent the ions hom being deflected due to 

Id a further feature of the inventioo, the are switched off ihe electric sector E,.Afler the iooa of inicccsipw 
when the ions arc knocked into and out of the closed orbit. the electrodes producing the cleclnc sector B,. this c cctnc 
a .^^.^ J p *. 1 -11 fi^Id IS turned on before the lOOS again reach the clcctnc 

Other obiecls and features of the invention will appear in ^ ^ «*w . i» 

the course of the descriplioD thereof, which foUows ^J' ^ ^ . * f ° ^/^^ ^ 

uic wui^ UL ujc ucM.Hi.i«u uicHsu^, wuiMii lujww^. prodwccd. In this way, the ions arc admitted to the dosed 

BRIEF DESCRIPTION OF THE DRAWINGS • figure-eight orbit formed by the paths 

rr,^ V . . . . *_ i. . Aj, A3, A4, Aj, Aj, and so on. 

FIG. 1(a) 15 8 diagram ilhistrating the padis that ions ^ ^ ^ imioduoed in the dosed oibit make a 

^^llfJ^L'^Z^^^^ teqXdnum^n, of revolutions in th?^^ 

Cion accordance w;th the present the electric sector £, is turned off (zcio potenUal),^ Shown 

vSriio ^xLx J ^/ X ^ ' . ™- K^)' ^ ^'^^ the dosed orbit. 

HGS. l(fc) «id 1(c) are bming diagramsiUiistratmg the obviously, the ficU E, is turued off while the ions do not 

bmmg at which cleclnc fields witbm the TOF mass spec- ^t^y the electric sector E3. In particular, the ions are 

trometer shown in flG. 2 are lunicd on and off; dispensed while traveling id the electric sector Ej. The 

FIG. 2 is a schematic diagram of a TOF mass spectiom- electric sector is turned off bclwccn the instant when the 

eter in acooidanoe wjth the present invention; last ones of these dispersed ions leave the electric Kcctor 

FIG. 3 is Q schematic diagrEim of another TOF mass and the instant when the forefront ions enter the sector E^. 

Rpeclrometer in accordance with the present invention; and As a result, the ions making n levoluiions in the closed 

no. 4 is a aubemaltc diagram q6 a further TOP mass oitil move straight without being dellecled by the electric 

Spectrometer in accordance with the piescnt invention. sector £2. The ions are then taken out of the electrodes via 

^w,^^r,^n^,^^r ^« .« .s^ v,w ^ takfiOut bolB Bod ddmiUed tp the ion detector 6, 

DESCRIPTION OF THE PREFERRED ^^re they are detected 

EMBODIMENTS ^ 3 another TOF mass spectrcmeter in accor- 

A time-of-Hight (TOF) mass spectrometer in accoidance dance with the present invention. In this enjhodimenU an 

with the present inventiuo is shown in FIG. 2. Hiii; ^pec- entrance patb and an exit path L2 are in a siroighipath A2 
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coQaectiDg both electric sectors. Ad electric sector 10 for 
iatroducing ions and w cloctric sector 11 for extractiiig ions 
are «4dcd to bring the eotrance path aod ibc exit path into 
agrccmcDl with tbc straight path. The electric wlov^ 10 and 
U ate turned on only during the introduction and departure 
of ions; the clecirio sectors 10 Qod U are kept off during the 
other interval. The electrode}^ forming the electric Kcctors 10 
and U are provided with ion paawge hoks H^o and Hjj to 
prevent impedxmciU to the passage of the ioiu traveling in 
the dosed oriiii wbeo the electric sectors are off. 

Referring still to FIG. 3, the pulsed ions emitted fron the 
ioQ source 5 pass through the gate 7 and enter Ihe electric 
sector 10 forming the entrance path Lj. At this time, the 
electric sector 10 is ON and prOducses an electric field of a 
given streoglh. Consequently, the ions arc deflected by the 
electric sector 10 and admilted to the slight path A^. The 
ioiui begin to travel in the figure-eight orbit formed by the 
circular paths A^. A, and the straight paths A^ A^* 

nie electric sector 10 h turned off (zero potential) until 
the again approach the electric sector 10. Hie ions can 
pa39 Ihrovgh the hole Hio formed in the electrode producing 
the electric sector 10, and ean ket^ revoJving in the dosed 
circular ori)it. 

When the ions imioduced In the dosed debit iSnisb the 
required number of revolutions, the electric sector 11 i£ 
turned on, thereby extracting the iona. Speeiilcally, the 
electric sector II is nirned on, and an elt^tric field of a given 
strength is developed. The ion& re&chiog ttie electric sector 
11 arc deOected by the electric sector ll» move in the ent 
path L3, are extracted from the closed orbit, and reach the 
ion detector 6. 

MG. 4 shows a further TOF massi spectrometer to accor- 
danec with the present invention. In the spcctrametcr showa 
in FIG. 2, electric sectors Ei and ace produced. In the 
speclromeler shown in PIO. 4, these electric sectors and 
Ez are divided into electric sectors Eji» £,2 and E^^, £22* 
respectively^ having deflection angles cClefis than 180^ The 
closed orbit is formed by these four electric sectors. This 
iocceases the number of degrees of freedom in selecting 
electric sectors where the entrance path and the exit path 
La are positioned. 

fn the preseot embodiment^ a ^ate 21 is mounted in a 
sixaight path to prevent faster ions from ouimnning slower 
ions. The gale 21 i^ not always essential to the present 
invention but useful io preventing ihi? undesirable phenom- 
enon while the ions are moving in the circular Gihii; 
othcrwigc, the spectrum would bo complicated. 

Id ibis way, \hc entrance and exit paths can be devised 
Variously. A rcflcclrnn or any Other device capable of con- 
structing a TOF maM spectrometer may be included in the 
closed orbit. A quadrupole lens or einzel lens may be 
included in the closed orbiL Furthermore, any appropriate 
combination of them may be employed. 

In the embodiments described above, the holes to pass the 
ions may be kept open if the electric fields are unaCEected. 
However, if the electric fields are dismrbed greatly, fine 
mesh may be attached m ibe boles, lliis minimizes distur- 
bance of the electric fields while pennltdng passage of ions. 

While three embodiments of the inventioa have been 
described io detail thus &r, Ibc minimiun requirements of the 
picseal inveniion ore an rallows. 

(1) Ilicic exists a closed orbit fonned by plural electric 
sectors. Furthermore^ there exist entnmoe and ent paths 
permittiog ions to enter and leave the closed oxbit. The 
eoicance and exit paths axe partially coincident with the 
closed orbit. Alternatively, the entrance and exit paths 
may be in bootact with the closed orbit at least at one 
point. 
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(2) Where the eotrance and exit paths iDteiseci or overlap 
the closed orbit, holes are farmed in the electrodes at 
the intersections. 

(3) When ions are made to cater into or exit £iom the 
^ closed orbit, it is tkecessary ai appropriate timing Io turn 

off (he electric sector that would otherwise impede the 

entry or exit of the ions. 
ATOP Tna«9 electrometer in accordance with the present 
invention has a dosed orbit formed by plnral electric sectors 
and a mechanism for forcing ions into and out of the closed 
oibit. Itiereforc. the number of nsvohilions that tbc ions 
make can be increased to thereby increase tbe fligfat distance, 
though tbe instrument i$ small. As a result^ a small^ized, 
high-resolution TOF mass spectrometer can be accom- 
1^ pHshed. 

Having thus described my invention with the detail and 
particularity required by the Patent Laws, what is desired 
protected by Letten; Patent is set forth in tbe following 
claims. 
2° What is claimed is: 

1. A tune-of*flight mass spectrometer comprising; 

a) plural electric sectors defining a dosed ion orbit 
formed; 

25 b) means for imocking loos into said closed ion orbit from 
an entrance path connected with said closed ion urbii; 
and 

c) means for taking ihc ions from said closed ion orbit Into 
an exit path connected with said closed ion oibit. 
30 2. The time-of-fiight mass spectrometer of claio] 1, 
wherein said electric sectors are located opposile to each 
olber and have deflection angles of greater than 180°. 

3. The lime-of-fiight mass spectrometer of claim 1, 
whereio four electric sectors are spaced from each other and 
have defiection angles of less ttian l80^ 

4. The time-of-flight mass spectrometer of claim 1, 
wherein elec Ixodes produciog said electric sectors forming 
the closed ion otblt are provided with boles to permit ions to 
enter and leave said closed ion orbil. 

40 5. Ihtt lime-oC-flighl mass spectrometer of claim 4, 
wherein said electric fieciors include a fiist electric sector 
which has a bole permitting ions to be knocked into said 
dosed ion oibit and v^h is mrned off when the ions are 
knocked into said closed ion orbit, and wherein said electric 

4$ sectors inclnde a seooiid electric sector which has a hole 
permitting ions to be taken out of said closed ion orbit and 
which is turned off when the bns are taken cm of said closed 
ion orbit. 

6. Tbe time-or-nigbt mass spectrometer of claim 1, 
50 wherein said lucans for knocking ions into said closed orbit 

comprises a first auxiliary electric field for forming said 
entrance path on an ion path between said electric sectors 
aod said means for taking ions Irom said closed orbit 
comprises a seonrd auxiliary electric field for fonniag said 
55 exit path on an ion path between said electric sectors. 

7. The time-of-fiigbt mass spectrometer of claim 6, 
wherein electrodes for forming said auxiliary electric fields 
arc provided wiLh holes to permit passage of the ions rotating 
io said ctosod ion oibiC 

60 8. The dmc-of-flight mass spectromcier of claim 6 or 
wherein said first auxiliary electric field for foiniing said 
entrance path k turned on when ions are knocked into said 
dosed ion oii^it. and whereio said second auxiliary electric 
field for forming said exit path is turned on when tbe ions are 

65 taken Cram said closed ion orbit. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 



PATENT NO. : 6,300,625 B 1 Page I of 

D AT£D : October 9. 200 1 

INVEOTOR(S> :MorioUhihara 



It Is certified thai error appears In the abcve-identi'fied patent and that said Letters Patent is 
hereby connected as shown below: 



Column 1. 

Line 5, "plural." should read plural sectors. 
Line 2&, "plural" should read - plural sectors. --. 
Line 33, "plural*" should read - plural sectors^ 
Line 37. after "producing the" insert ~ sectors 
Line 43, "the are" should read - the sectors are 
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Nineteenth Day of March, 2002 
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